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Annular planar monopole antennas 
Z.N. Chen, M.J. Ammann, M.Y.W. Chia and T.S.P. See 
Abstract: A type of annular planar monopole antenna is presented. The impedance and radiation 
characteristics of the monopole with different hg&i and feed gaps are experimentally examined. 
The measured results demonstrate that the proposed antenna is capable of providing significantly 
broad impedance bandwidth with acceptable radiation perfomiance. 
1 Introduction 
Recently, a simple but powerful technique to broaden the 
increase the surface areas of the monopoles [l-IO]. The 
radiation patterns of a square planar monopole were first 
presented and studied over a frequency range by Dubost 
and Zisler in 1976 [l]. In 1992, Honda et al. designed a 
circular planar monopole having an 8: 1 impedance 
bandwidth [2]. Numerical and experimental investigations 
on planar monopoles of different geometrical shapes, such 
as the ellipse, rectangle, bow-tie, diamond and trapezoid, 
have since been conducted. Until now, the achieved 
impedance bandwidths for VSWR = 2: 1 have usually 
reached about 1O:l for an elliptical planar monopole and 
80% for the other planar monopoles. By means of the 
equivalent cylindrical monopole, some simple formulas 
have been developed to evaluate the frequency correspond- 
ing to the lower edge of the passband (FLEPB) [3-5, 7, 101. 
Their characteristics have also been analysed by numerical 
methods, such as the method of moments with wire grid 
and triangular cell meshing [S, 91. Recently, a novel kind of 
monopole antenna was proposed to further enhance their 
impedance bandwidths [ l l ,  121. With the aid of electro- 
magnetic coupling between the planar radiating element 
and the excited element, the impedance bandwidths were 
widened dramatically. 
In th s  paper, the impedance and radiation characteristics 
of annular planar monopole antennas are experimentally 
investigated. The effects of the circular holes concentrically 
cut from the circular elements of planar monopole antennas 
on the impedance bandwidth, the FLEPB, and the 
radiation patterns are first discussed. Next, the effect of 
the feed gaps on the FLEPB is examined. The measure- 
ments show that, as compared to a circular planar 
monopole without any holes, the proposed annular 
monopole antennas still achieve extremely broad impedance 
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bandwidths, typically of the order of >8:1 for both 
VSWR=2:1 and 3:l. The introduction of the holes is 
shown to have little or no effect on the radiation pattern at 
lower frequencies and to have acceptable effects at hgher 
frequencies. Owing to the introduction of the hole to the 
planar element, the weight, volume (also height), wind 
resistance and cost of the antenna are greatly reduced. 
These are desirable features, especially at low frequencies. 
2 Antennas and results 
The geometry of an annular planar monopole antenna is 
shown in Fig. 1. The radiating circular element is made of a 
thin copper sheet of radius R = 25 mm and vertically located 
above a finite-size ground plane (305 x 305 mm'). The 
circular sheet is in the x-z plane. A 50 C2 coaxial probe of 
0.6 mm radius excites the bottom of the sheet through the 
ground plane via an SMA connector. The feed gap between 
the feed point and the ground plane is denoted by g. A 
circular hole with radius Y is concentrically cut from the 
circular element. 
t z  
Fig. 1 Geometry o j  unnubr plunur nionopole untennu 
The input impedance of the proposed annular monopole 
antenna was first measured. The impedance characteristics 
with respect to different parameters, such as the feed gap g 
and the radius Y, were examined. The achieved impedance 
bandwidths (BWs) and FLEPBs were obtained. As an 
example, the measured VSWRs for the different antennas 
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are plotted in Fig. 2, where the radius r is set to 0, 5, 10, 15 
and 20 nim and the feed gap g to 0.7, 1.6 and 2.3 nm.  The 
measured BWs and FLEPBs for a specific VSWR=2 : 1 
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n y = 0 . 7 m m ; h g = 1 . 6 m m ;  c g = 2 . 3  mm 
Meumlz.rl VS WR aguinst fiequencyjor d@erent hole radii I’ 
and 3 : 1 are tabulated in Table 1, where the BWs are 
calculated with the following formulas: 
( 2 ( f i i q h e r  - f i o w e r ) / ( f i i q i e r  + bower) x 100% 
forBW 5 100% BW= { 
.fhicgher : flower 
 for^^ > 100% 
Table 1: Measured impedance bandwidth (BW) and fre- 
quency corresponding to lower edge of passband (FLEPB) 
-e%ith feed gaps of g=0.7, 1.6 and 2.3 mm 
Antenna 
1 
r=O mm 
2 
r=5 mm 
3 
r=10 mm 
4 
r=15 mm 
5 
r=20 mm 
g, mm 
0.7 
1.6 
2.3 
0.7 
1.6 
2.3 
0.7 
1.6 
2.3 
0.7 
1.6 
2.3 
0.7 
1.6 
2.3 
VSWR=3 : 1 VSWR=2 : 1 
FLEPB, BW FLEPB, BW 
GHz GHz 
1.17 
1.15 
1.14 
1.18 
1.17 
1.14 
1.18 
1.14 
1.14 
1.17 
1.14 
1.11 
1.14 
1.12 
1.08 
>8.5 : 1 
>8.5 : 1 
6.72 : 1 
>8.5 : 1 
>8.5 : 1 
6.58 : 1 
>8.5 : 1 
>8.5 : 1 
6.64 : 1 
72.8% 
>8.5 : 1 
6.83 : 1 
38.3% 
34.1% 
30.6% 
1.07 >8.5 : 1 
1.06 >8.5 : 1 
1 .oo 28.5 : 1 
1.09 >8.5 : 1 
1.06 >8.5 : 1 
1.03 >8.5 : 1 
1.10 >8.5 : 1 
1.06 >8.5 : 1 
1 .oo >8.5 : 1 
1.08 >8.5 : 1 
1.05 >8.5 : 1 
1.02 >8.5 : 1 
1.05 78.6% 
1.02 >8.5 : 1 
0.97 >8.5 : 1 
Fig. 2a shows that the antennas with a feed gap y = 0.7 mm 
exhibit a highpass response although the matching condi- 
tions for the larger radii (v = I5 and 20 mm) have become 
worse. In Fig. 2b, the VSWR increases when the feed gap y 
increases to 1.6 mm although the achieved bandwidths for 
both VSWR = 2 : 1 and 3 : 1 are quite broad, typically more 
than 8 : 1 for all the hole radii except for Y = 20 111111. The 
highpass response feature of all the antennas disappears as 
the feed gap reaches 2.3 mm. This illustrates two important 
points. The first is that the feed gap greatly affects the im- 
pedance characteristics. The antenna operates under good 
conditions as the feed gap g is around 1.6 mm. Fig. 3 shows 
that in general, the larger the feed gap, the lower the 
FLEPB. The other point is that the hole cut from the 
circular element also has a significant effect on the 
impedance matching conditions. The antennas attain 
remarkably broad bandwidths of > 6.5 : I for VSWR = 2 
: 1 or > 8.5 : 1 for VSWR = 3 : 1 when the radii of the holes 
are less than 15 mm. Fig. 3 shows that the FLEPBs start to 
drop when the radius is larger than 10 111111. It is particularly 
interesting to note that the antennas still possess almost the 
same highpass feature even when 64% of the area ( r=  15 
mm) has been removed from the circular element. This is 
useful in practical designs for applications operating at low 
frequencies. 
The radiation patterns for antennas with different holes 
were also examined and are shown in Figs. 4-6. The hole 
radii were set at r = 0 and 15 mm. The tests were performed 
at 1.5 and 5 GHz. A feed gap of 1.6 mm was selected for the 
measurements. It can be seen from Figs. 4 4  5a and 6a that 
the effect of introducing a hole of radius Y =  15 mm is 
negligible on the radiation patterns at low frequencies. At 
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- - - r =15.0mm 
a 
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0 = 48" to 0 = 63". The half-power beam-widths were 48" in 
both the 4 = 0" and 4 = 90" planes. The gain in the ground 
plane (O=90°) was 0.3 dBi. The introduction of the hole 
had no effect on the maximum gain at this frequency. 
As the frequency was increased, a slight increase in 
directivity was observed, accompanied by a reduction in the 
half-power beam-widths in the vertical planes. The gain in 
the ground plane (0 = 90°) also fell. The effect of the hole on 
the patterns became more pronounced and tended to offset 
the gain reduction in this plane. This can be seen in Figs. 4b 
and 5b, which illustrate the radiation patterns in the 4 = 0" 
and 4 =90° cuts. 
-90" 
3 Conclusions b 
Fig. 4 Measured radiation patterns in =O" cut 
a At 1.5 GHz; b at 5.0 GHz Experimental studies on the impedance and radiation 
characteristics of annular planar monopole antennas have 
been carried out. The results have demonstrated that the 
proposed antennas are still capable of offering dramatically 
broad impedance bandwidths and acceptable radiation 
patterns even when more than half of the circular element 
has been removed 
these frequencies, the antenna exhibited typical omnidirec- 
tional monopolar patterns with a maximum gain of 4.8 dBi, 
whch is constant to withn f0.5 dB over polar angles from 
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u At 1.5 GHz; b a t  5.0 GHz 
Measured radiation patterns in Q =90” plane 
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